Background. Mycobacterium abscessus can produce a chronic pulmonary infection for which little is known regarding optimal treatment and long-term outcomes.
Mycobacterium abscessus is a species of nontuberculous mycobacteria (NTM) that is reported to be the third most frequently recovered respiratory NTM in the United States and accounts for 80% of rapidly growing mycobacterial respiratory isolates [1, 2] . Precise epidemiologic data of M. abscessus infections are lacking, but as with other NTM species, prevalence seems to be increasing. Clinically, M. abscessus pulmonary infection can range from asymptomatic to severe bronchiectasis and cavitary lung disease, with significant morbidity and mortality. Patients with M. abscessus pulmonary disease are typically nonsmoking and older women, often with no previously documented lung disease. Conditions that have been associated with M. abscessus pulmonary disease include achalasia, recurrent vomiting, lipoid pneumonia, coexisting mycobacterial infections [3, 4] , bronchiectasis, cystic fibrosis, and lung transplantation [5] [6] [7] [8] .
Overall, the published literature in this area is very limited. The largest study described 154 patients with rapidly growing mycobacterial infection, and 119 (82%) of 146 respiratory isolates identified were M abscessus [3] . M abscessus is inherently multidrug resistant and, therefore, is very challenging to treat. There have been no controlled studies conducted for the treatment of rapidly growing mycobacteria infection. Current treatment recommendations include multidrug therapy with combinations of intravenous and oral antibiotics and/or surgery [1] .
M. abscessus pulmonary disease is a chronic infectious disease characterized by variable clinical response to therapy, recurrence, and little chance of cure. The purpose of this study was to describe the clinical, radiologic, and microbiologic features of a large cohort of patients with M. abscessus pulmonary disease and to compare the outcomes in patients who receive a combination of surgical resection and multidrug antibiotic therapy (surgical group), with those in patients who received multidrug antibiotic therapy alone (medical group).
METHODS

Patient Population
All patients referred to National Jewish Health (Denver, CO) who were given International Classification of Diseases, 9
th Revision, code 031.0 (pulmonary mycobacteria) from 1 January 2001 through 31 December 2004 were reviewed ( Figure 1 ). Patients were included in the study if they were (1) >18 years of age, (2) had at least 1 respiratory sample positive for M. abscessus, and (3) met American Thoracic Society diagnostic criteria for NTM pulmonary disease. These criteria included (1) pulmonary symptoms, (2) nodular or cavitary opacities on chest radiograph or high-resolution CT (HRCT) of the chest that shows multifocal bronchiectasis and multiple small nodules and appropriate exclusion of alternate diagnosis, and (3) >2 sputum cultures, 1 bronchoalveolar lavage culture, or 1 lung tissue biopsy specimen culture positive for M. abscessus [1] . Patients were followed up until January 2008. Approval for this study was obtained from the National Jewish Health Institutional Review Board.
Data
Baseline demographic and clinical data were collected on all patients with M. abscessus pulmonary disease through retrospective medical record review. Patients seen in follow-up at least once at National Jewish Health had further radiologic, clinical, and treatment data collected. At baseline, clinical symptoms (eg, fever, cough, sputum production, dyspnea, hemoptysis, weight loss, and fatigue) were recorded as absent or present, and followup symptoms were categorized as absent, stable, improved, resolved, or worse, based on review of clinic notes. Results of investigations for etiology of bronchiectasis were documented. HRCT reports were reviewed for radiographic abnormalities (bronchiectasis, nodular opacities, cavities, and airspace consolidation) at baseline, and changes during follow-up (absent, stable, improved, resolved, or worse) were recorded. Organisms were identified as M. abscessus with use of high-performance liquid chromatography, followed by biochemical testing (salt tolerance and citrate use). All National Jewish Mycobacterial Reference Laboratory mycobacterial cultures and drug susceptibility results for study patients were reviewed.
Treatment and Outcomes
The number of months that a patient received an individual antibiotic for treatment of M. abscessus pulmonary disease was recorded, and the total number of antibiotic-months was calculated (eg, 3 antibiotics for 10 months was equal to 30 antibiotic-months). The actual number of months that a patient received antibiotics was less than the cumulative total, because all patients received combination antibiotic treatment (>2 drugs), often with multiple courses of treatment. The number and type of surgical procedure was recorded. The Social Security Death Index was reviewed in January 2008 to determine the number of deaths during the study period. Information regarding the cause of death was not available.
Statistical Analysis
Statistical analysis was performed using SAS software, version 9.1 (SAS Institute At the initial visit, the majority of the 107 patients had symptoms of cough (97%), sputum production (91%), fatigue (87%), and dyspnea (70%). Hemoptysis and weight loss were reported less frequently (37% and 38%, respectively). Cough, sputum production, and fatigue remained stable, improved, or resolved in 80%, 69%, and 59% of follow-up patients, respectively. At the last visit, there was no difference in any of the clinical symptom categories between the medical and surgical groups. At baseline, chest HRCT revealed bronchiectasis and nodular opacities in 98% of patients; 53% had air-space consolidation, and 44% had cavities. There was no statistically significant difference in the number of patients with cavitary disease between patients with and without coexistent or previous MAC infection (P 5 .74). Most patients had bilateral abnormalities (92%), with >3 lobes involved in 93%. There was no difference in baseline pulmonary function test variables between the medical and surgical groups (Table 1 ). There was a statistically significant decrease in percentage of predicted forced expiratory volume in one second (FEV1) (mean change, 24.85%) for the whole group and the surgery group (27.64%) and a statistically significant decrease in percentage of predicted forced vital capacity (FVC) for the surgery group (26.71%) (Supplement Table 1 ).
Results of Investigations for Bronchiectasis
Twenty-six (26%) of 101 patients had at least 1 genetic abnormality identified (either cystic fibrosis transmembrane (Table 3 and Supplement  Table 2 ). Sixty-seven (97%) of the 69 patients who had follow-up data received a macrolide, and 74% received a macrolide and intravenous amikacin with or without another antibiotic. The most frequently used intravenous (IV) antibiotics were amikacin (71%), imipenem (55%), and cefoxitin (30%). Patients received a mean of 4.6 drugs over the course of therapy and a mean 6 SD of 52 6 40.6 antibiotic-months, with a median of 6 months of IV antibioticmonths. There was no statistically significant difference in the total antibiotic months or total months of IV antibiotics between medical and surgical groups (data not shown). The percentage of patients who received a given drug to which their isolate was susceptible, intermediate, or resistant can be seen in Supplemental Table 3 . Thirty-two patients received at least 1 drug to which their isolate was resistant. The majority of patients who received azithromycin, clarithromycin, and IV amikacin were susceptible to these agents (85%, 82%, and 92%, respectively). The majority of patients who received cefoxitin and imipenem had intermediate susceptibility (76% and 50%, respectively).
At least 1 drug was stopped because of adverse effects or toxicity in 65% of patients. Cefoxitin and amikacin were most likely to cause adverse effects. Twenty (35%) of the 57 patients who received amikacin (typically in a dose of 3 times weekly) developed >1 adverse effects, including tinnitus, hearing loss, b Multiple etiologies-moderate-severe chronic obstructive pulmonary disease or asthma (6), alpha-1 antitrypsin deficiency (2), cystic fibrosis (2), Kartagener syndrome (1), fungal ball (1), sarcoidosis (1), previous radiation for lung cancer (1), graft versus host disease postallogenic bone marrow transplant (1), hypersensitivity pneumonitis (1), previous pneumonia and weakness due to Guillam-Barre syndrome (1). vestibular dysfunction, or renal dysfunction. Rash was the most common adverse effect of cefoxitin therapy.
Surgery
Twenty-four patients underwent 29 separate surgical procedures. Three patients had 2 surgical procedures, and 1 patient had 3 surgical procedures. In total, 25 lobectomies, 6 pneumonectomies, 3 segmentectomies, and 1 wedge resection were performed. Right middle lobectomy was the most common procedure, performed in 9 patients (38%). Indications for surgery were localized bronchiectasis (86%), cavitary disease (37%), and hemoptysis (11%). Surgery was not offered to many patients because of extensive disease; 44 of 47 patients with cavitary disease had bilateral and multilobar (>3 lobes) disease. Postoperative complications were reported in 6 patients (25%). Complications included postoperative hemorrhage (1 patient), bronchopleural fistula (1), frozen shoulder (1), wound infection (1), brachial plexus injury (1), and respiratory failure and/or death (1).
Outcomes
Microbiology. The frequency of sputum sampling varied widely, because there was no standardized interval of collection. Therefore, it is difficult to calculate a meaningful time to culture conversion. Twenty (29%) of 69 patients remained culture positive, and 49 patients (71%) had sputum cultures convert to negative. Of the latter, 16 (23%) had their sputum culture convert to negative but experienced relapse and 33 (48%) had cultures convert to negative and did not experience relapse (Table  4) . Twenty-six (38%) of 69 were culture negative for at least 1 year. There were significantly (P , .05) more surgical patients who had culture converted and remained negative for at least 1 year, compared with medical patients (57% vs 28%; P 5 .022). Thirteen (19%) of the 69 patients were culture negative and were not receiving antibiotics for at least 1 year; the difference between surgical and medical groups was not statistically significant (15% vs 30%; P 5 .633). Five (2 surgical, 3 medical) patients were culture negative and were not receiving antibiotics for .2 years and 2 (both medical) patients for .3 years. Of the 20 patients who did not have sputum cultures convert to negative, 5 (25%) developed resistance to at least 1 drug.
Death. Seventeen (15.9%) of 107 patients died during the study period: 13 in the medical group and 4 in the surgical group. There was no difference in the percentage of deaths between the medical and surgical groups (15.7% vs 16.7%; P 5 ..99).
DISCUSSION
This study documents the clinical presentation and treatment outcomes in patients with pulmonary disease due to M. abscessus. The majority of our patients were older, nonsmoking white women who had a low body mass index and no obvious comorbidities. Treatment outcomes were poor, with 29% of patients remaining culture positive despite prolonged antibiotic therapy. In addition, 23% of the patients had cultures convert but later experienced relapse. Thirty-three patients (48%) had their sputum cultures convert to negative and did not experience relapse, and there were significantly more surgical patients who had their cultures convert to negative and remained negative for at least 1 year, compared with medical patients (57% vs 28%; P 5 .022). The demographic and clinical findings are similar to those in previous reports of M. abscessus and other NTM lung disease, such as MAC [9] . Compared with the largest study to date [3] , we found a much higher rate of previous and/or concurrent MAC coinfection (55%) than was previously reported (13%). In addition, HRCT revealed .90% of patients with bilateral and multilobar disease, primarily resulting from small nodules and bronchiectasis. Although patients may have areas of severe localized disease, the vast majority will have nodularity in multiple lobes implying diffuse infection and/or inflammatory reaction [10] . A slightly larger number of patients in our study had cavitary lesions (44%), compared with previous studies (14%-42%) [3, 10, 11] .
Abnormal AAT phenotypes (MS, MZ, and ZZ) were present in 13% of patients with M. abscessus pulmonary disease, compared with 21% in a cohort of patients with rapidly growing mycobacterial lung disease (64% isolated M. abscessus) and 8.2% prevalence in the North America population [12, 13] . We detected cystic fibrosis gene mutations in 13% of our patients, compared with reported cystic fibrosis gene mutation carrier rate of 4% in the general white North American population [14] . Twenty-nine percent of our study patients had evidence of GERD on esophagram; these results are similar to those in a Korean study that documented GERD in 10 (32%) of 31 patients with M. abscessus infection with nodular bronchiectasis with use of 24-h esophageal pH monitoring [15] . In both studies, the majority of patients with GERD were asymptomatic. Our study highlights the frequency of associated conditions, such as GERD, MAC infection, and specific genetic abnormalities, possibly predisposing patients to M. abscessus lung disease.
Forty-eight percent of patients had sputum cultures convert to negative and did not experience relapse during the study period. Surgical patients were more likely to be culture negative after at least 1 year than were patients treated with medical therapy alone, but both groups were equally likely to be culture negative and not receiving antibiotics for at least 1 year. In contrast, 29% of patients continued to have positive sputum culture results despite multidrug antibiotic therapy, with surgical resection in 5 of these patients. This subgroup of patients may respond clinically to antibiotic therapy, but the degree and duration of response is variable and they frequently have persistent symptoms and progressive disease. Griffith et al [3] reported 10 (8.4%) of 119 M. abscessus-infected patients, including 7 surgical patients, were cured as defined by the return of respiratory symptoms to baseline and reversion of sputum to acid-fast bacilli smear and culture negativity for at least 1 year. Overall, the number of patients in our study with a prolonged response was small. The poor response to therapy is likely attributable to a number of factors, including the presence of biofilms [16, 17] , lack of bactericidal drugs, and presence of a novel erm (41) gene that has been found in M. abscessus [18] .
The majority of patients in this study received periodic multidrug therapy, including a macrolide and >1 intravenous agent (amikacin, imipenem, or cefoxitin), often guided by the results of in vitro drug susceptibility testing. Similar microbiologic responses (28% without conversion and 72% with culture conversion) have been reported in patients infected with M. abscessus treated with a 24-month standardized regimen, including clarithromycin, ciprofloxacin, doxycycline, and 4 weeks of amikacin and cefoxitin [19] ; sputum conversion and relapse rates were associated with clarithromycin resistance. Holding regimens of 2 oral therapies were used in some patients. Because of the limited therapeutic options, inhaled amikacin was also used in several patients as part of a maintenance regimen or in patients with a relative contraindication for an intravenous aminoglycoside. One case series reported the safe use of inhaled amikacin in 6 patients with MAC lung disease, but additional studies are needed to systematically assess safety and efficacy [20] . Adverse effects of therapy for M. abscessus lung disease are common, and as a result, patients need to be followed up closely.
American Thoracic Society guidelines state that the best chance for curative therapy of limited (focal) M. abscessus lung disease is surgical resection of the involved lung, combined with multidrug chemotherapy. Favorable microbiologic and clinical outcomes have been reported in the majority of patients selected for surgical resection but are often accompanied by relatively high complication rates (18%-35%) [21] [22] [23] [24] . Mitchell et al [22] published their experience of lung resection in 236 patients with NTM, including 32 patients with M. abscessus pulmonary disease. The operative mortality and morbidity rates in the entire NTM group were 2.6% and 18.5%, respectively [22] . The surgical patients from our study, a subgroup of this larger surgical cohort, had an operative morbidity of 25%. Our study supports the use of surgery as an adjunct to chemotherapy in patients with areas of focal severe bronchiectasis and/or cavitary disease, with the aim of decreasing the mycobacterial load and removing a reservoir for infection. Surgery should be performed by an experienced team in conjunction with perioperative antibiotic therapy to try to minimize surgical complications.
There are several limitations to our study. The spectrum of patients with M. abscessus lung disease in our study cohort was likely to have been influenced by referral bias and, thus, skewed toward chronic cases with relatively more severe disease. Patients were seen in follow-up at variable intervals; therefore, some information between visits was lacking. The retrospective nature of this study limited the data collection, because clinical symptoms, radiologic findings, and microbiologic findings were not assessed in a standardized fashion. Treatment regimens were not standardized and ranged from short-course dual antibiotic therapy to prolonged multidrug antibiotic therapy and resectional surgery. Surgical patients were carefully selected (eg, focal disease and good clinical status); therefore, the benefit of surgery may be overestimated, when compared with patients with diffuse disease and/or poor clinical status. During our study, extensive molecular identification was not available to distinguish M. abscessus from 2 closely related species (Mycobacterium massiliense and Mycobacterium bolletii). Limited clinical data have varied on the clinical significance of this distinction [25, 26] .
CONCLUSION
M. abscessus pulmonary disease remains a challenging disease to manage. The majority of patients respond clinically and microbiologically to antibiotic and/or surgical therapy, but response is often temporary. Surgical resection, in addition to antibiotics, may offer a prolonged microbiologic response. Prolonged remission and possible cure are currently attainable in only a minority of patients. Prospective studies with longterm follow-up and new antibiotic and therapeutic options are required to improve outcomes in these patients.
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